Background: Pistia stratiotes has been used effectively to treat a number of inflammatory conditions. This study aims to determine the antiarthritic effect of aqueous and ethanolic leaf extracts of P. stratiotes. Methods: Arthritis was induced in Sprague-Dawley rats, paw swelling was measured, and arthritis indices were estimated in rats treated with aqueous and ethanolic leaf extracts of P. stratiotes (AQ PSE and ET PSE, respectively), methotrexate, diclofenac, dexamethasone, and normal saline-treated rats. Radiologic imaging, hematological assessment of red and white blood cells, C-reactive protein and erythrocyte sedimentation rate, as well as histopathological studies were also done. The data were analyzed using GraphPad Prism 5. Results: The 30, 100, and 300 mg/kg doses of AQ PSE and the 30 and 100 mg/kg doses of ET PSE caused a significant (P # 0.05-0.001) reduction in ipsilateral paw swelling, similar to the effects of methotrexate, dexamethasone, and diclofenac. Only the 30 mg/kg dose of AQ PSE caused a significant (P # 0.01) reduction in contralateral paw swelling. Arthritic indices reduced significantly (P # 0.05-0.001) at all drug doses, except for the 100 and 300 mg/kg doses of ET PSE. White blood cell levels decreased significantly (P # 0.05-0.01) in arthritic rats treated with the 30 mg/kg dose of AQ PSE and those treated with methotrexate. Erythrocyte sedimentation rate and C-reactive protein levels were significantly (P # 0.01-0.001) lower in all the treatment groups except for the rats treated with AQ PSE 300 mg/kg and ET PSE 100 and 300 mg/kg doses. The arthritic animals treated with 30 mg/kg of the aqueous extract showed no inflammatory changes in the ipsilateral paw, while the contralateral paw showed only foci of mild chronic inflammatory changes, as seen with the reference drug treatment in histopathological studies. Conclusion: This study establishes that aqueous and ethanolic extracts of P. stratiotes have antiarthritic activity in Sprague-Dawley rats with induced arthritis. The aqueous extract had better activity than the ethanolic extract.
Introduction
Inflammation is implicated in many diseases, and its consequences tend to be worse if resolution fails and inflammation progresses to a chronic stage. 1 Although inflammation is a body defense mechanism, its role in the maintenance and aggravation of various disease conditions (such as rheumatoid arthritis) is of public health importance and makes it a subject of scientific interest and clinical concern. 2 Arthritis, an autoimmune disorder, is a chronic inflammatory disease which manifests itself in multiple joints of the body. The inflammatory process primarily affects the lining of the joints (synovial membrane), but can also affect other organs. The inflamed synovium leads to erosions of the cartilage and bone, and sometimes to joint deformity. Pain, swelling, and redness are common joint manifestations. 3 Arthritis causes disability, compromised quality of life, and premature mortality. 4 It affects approximately 0.5%-1.0% of the global adult population, with an estimated annual incidence of 12.0-24.5 males and 23.9-54.0 females per 100,000. 3, 5, 6 The incidence is largely consistent racially and geographically, and the peak age of onset lies between the ages of 45 and 65 years. The economic cost of arthriticrelated diseases is estimated to consume about 3% of gross domestic product in developed countries, and is somewhat lower in developing countries due to lower life expectancy. 7, 8 The present decade has therefore been declared the "Bone and Joint Decade" by the World Health Organization, 9 in order to further our understanding of the impact of musculoskeletal diseases on society and individuals and to assist advancement on this front. It is against this background that we attempted to assess the antiarthritic effect of aqueous and ethanolic leaf extracts of Pistia stratiotes in a rodent adjuvant-induced arthritis model to ascertain its importance in the traditional management of inflammatory disorders. 10, 11 Materials and methods Plant collection P. stratiotes was collected from the Fosu Lagoon, Cape Coast, in the Central Region of Ghana (5°7′ N and 1°16′ W) in December 2010. It was identified and authenticated by Mr GH Sam of the Department of Herbal Medicine, Kwame Nkrumah University of Science and Technology, where a voucher specimen bearing the number KNUST/ HM1/11/W002 has been deposited at the herbarium for future reference.
Preparation of extracts
The leaves of P. stratiotes were washed thoroughly with tap water and sun-dried. The dry leaves were milled into coarse powder by a hammer mill (Schutte Buffalo, New York, NY). In preparing the aqueous leaf extract of P. stratiotes, 700 g of the leaf powder was mixed with one liter of water. The mixture was maintained at 80°C (in a round-bottomed flask fitted with a reflux condenser) in a thermostatically controlled water bath for 24 hours and then filtered.
The filtrate was freeze-dried with a Hull freeze-dryer/ lyophilizer 140 SQ FT (model 140FS275C; Hull, Warminster, PA) into powder (yield 4.7%) and stored at a temperature of 4°C in a refrigerator. This powder was reconstituted in normal saline to the desired concentration and labeled as the aqueous extract of P. stratiotes (AQ PSE) for dosing in this study. Similarly, 700 g of the leaf powder was soaked with one liter of 70% ethanol at room temperature (27°C-29°C) for 72 hours and filtered. The filtrate obtained was freeze-dried into powder (yield 5.2%). Quantities of this powder were reconstituted in normal saline at the desired concentrations to be referred to and used in this study as the ethanolic leaf extract of P. stratiotes (ET PSE).
Drugs and chemicals
Complete Freund's adjuvant (CFA) was a 5 mg/mL suspension of heat-killed Mycobacterium tuberculosis (strains C, DT and PN [mixed] obtained from the Ministry of Agriculture, Fisheries and Food, UK) triturated in paraffin oil (Ernest Chemist, Accra, Ghana) was used for the induction of arthritis. Diclofenac sodium (KRKA, Novo mesto, Slovenia), dexamethasone sodium (Anhui Medihel Co, Ltd, Hefei, Anhui, China), and methotrexate sodium (Dabur Pharma, New Delhi, India) were the reference anti-inflammatory agents in this study.
Preparation of reference drugs
The reference anti-inflammatory drugs were dissolved in normal saline for the study. The drugs were freshly prepared and administered in volumes not exceeding 10 mL/kg.
Animals
Male and female 6-8-week-old Sprague-Dawley rats (weight 180-200 g) purchased from the Centre for Scientific Research into Plant Medicine, Mampong-Akwapim, Ghana, were maintained in the Animal House of Department of Pharmacology, Kwame Nkrumah University of Science and Technology, Ghana. The animals were housed in polyacrylic cages (34 cm × 47 cm × 18 cm) with soft wood shavings as bedding, under ambient laboratory conditions (temperature 28°C ± 2°C, relative humidity 60%-70%, and a normal light-dark cycle). None of the females were pregnant. They were fed on a normal commercial pellet diet (GAFCO, Tema, Ghana) and had access to water ad libitum. All procedures and techniques used in these studies were in accordance with the National Institute of Health for the Care and Use of Laboratory Animals. 12 Protocols for the study were approved by the departmental ethics committee. submit your manuscript | www.dovepress.com
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Preliminary phytochemical screening
Screening was performed on AQ PSE and ET PSE to ascertain the presence of phytochemicals using standard procedures described by Wagner and Bladt, 13 Glasl, 14 Harborne, 15 and Kujur et al. 16 induction of arthritis Arthritis was induced as previously described by Pearson, 17 with slight modification. In this process, the initial hind paw volumes (both left and right) of the experimental animals were measured by water displacement plethysmography. 18 The right hind paw of each animal was then injected with 0.1 mL of CFA. The paw volumes for both the injected paw (ipsilateral) and the noninjected paw (contralateral) were measured on day 1 after injection into the paw, and every other day. Unilateral inflammatory edema of the ipsilateral paw peaking at around days 4-6 was indicative of successful induction of adjuvant arthritis.
Experimental procedure
Nine days after adjuvant-induced arthritis, the animals were put into ten groups (A-J) of five and were randomized to treatment with either 30, 100, or 300 mg/kg of AQ PSE or ET PSE (orally daily), 0.3 mg/kg methotrexate (intraperitoneally every 4 days), 0.43 mg/kg diclofenac (intraperitoneally daily), 1 mg/kg dexamethasone (intraperitoneally, every other day), or 1 mL/kg normal saline (orally daily) over the experimental period. A nonarthritic control group consisting of five animals in which incomplete arthritis was induced by intraplantar injection of 0.1 mL of sterile paraffin oil (incomplete Freund's adjuvant, [IFA]) and a normal control group in which there was no induction of arthritis were also studied. The effect of the reference and test drugs on the edema component of arthritis was quantified by measuring the difference in paw volume prior to induction of arthritis (day 0) and that at the various time points of assessment up to day 27. The arthritic index for the ipsilateral and contralateral paw volumes was individually calculated and expressed as a percentage change with respect to values at day 0, and then averaged for each treatment group.
Initial body weights of the rats were recorded at day 0 and on day 28. On day 28, the experimental animals were sent to the radiology unit of the Kwame Nkrumah University of Science and Technology Hospital where they were anesthetized with ketamine hydrochloride for X-ray imaging using a conventional X-ray machine (Philips, Eindhoven, The Netherlands) and industrial X-ray film (Fuji Photo Film, Tokyo, Japan). The X-ray apparatus operated at a 52 kV peak and 10 seconds of exposure with a 45 cm tube-to-film distance for lateral projections.
The rats were sacrificed and blood samples were collected into MediPlus K3 ethylenediamine tetra-acetic acid tubes (Sunphoria Co, Ltd, Taipei, Taiwan) for hematological analysis using the KX-21 N automated hematology analyzer (Sysmex Corporation, Chuo-ku, Kobe, Japan) and into trisodium citrate erythrocyte sedimentation rate tubes (Chengdu Rich Science Industry Co, Ltd, Sichuan, China) for estimation of erythrocyte sedimentation rate using the Westergren method. 19 Blood was also collected into glass tubes and centrifuged (temperature 25°C, speed 4000 g) for 5 minutes using a Mikro 220R (Hettich Zentrifuge, Tuttlingen, Germany) machine to obtain the plasma, which was used to estimate C-reactive protein levels using an enzyme-linked immunosorbent assay kit (Fortress Diagnostic Ltd, Antrim, Northern Ireland).
The right and left hind paws of the animals were amputated and fixed in 4% phosphate-buffered paraformaldehyde, decalcified with 1% ethylenediamine tetra-acetic acid, and embedded in paraffin. Sections were stained with hematoxylin and eosin, 20, 21 and fixed on glass slides for microscopic examination at the Pathology Department of the Komfo Anokye Teaching Hospital. Data obtained for the arthritic and radiological indices as well as histopathological, hematological, and physical profiles were analyzed.
Arthritic index
Photographs of the arthritic rats were taken on day 28 with a camcorder (Everio™ model GZ-MG1300; JVC, Tokyo, Japan). Inflammation in each paw was graded blindly by the same person for all rats on day 28 according to the extent of erythema and edema of the periarticular tissues, using a scale of 0-4 ( Table 1 ). The arthritis score for each rat on day 0 was determined to be 0. The scores for each paw were then added to get the total arthritis score (maximum possible score 16 per animal), and designated as the arthritic index.
radiological index
Using the radiographs, the severity of bone and joint destruction was scored blindly by the same person for each hind Table 1 Grading scale for arthritic index 22, 23 
Score
Description
Unequivocal inflammation of one joint of the paw 2
Unequivocal inflammation of at least two joints of the paw or moderate inflammation of one joint 3
Severe inflammation of one or more joints 4
Maximum inflammation of one or more joints in the paw submit your manuscript | www.dovepress.com
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Dovepress limb according to the method described by Hoffmann et al. 24 Briefly, radiographic scoring was performed by assessing soft tissue swelling, periosteal new bone formation, joint space narrowing, periarticular osteoporosis, and bone destruction on a scale of 0 (normal) to 3 (maximum) per hind limb. The maximum radiographic score was 6 per animal. The radiological score for normal control rats was determined to be 0. The radiological score was termed the radiological index.
Statistical analysis
Results were analyzed using one-way analysis of variance followed by Dunnett's multiple comparisons test using GraphPad Prism (version 5.03; GraphPad, La Jolla, CA). Values were expressed as the mean ± standard error of the mean. P # 0.05 was considered to be statistically significant.
Results
The results of preliminary phytochemical screening are shown in Table 2 . Intraplantar injection of CFA induced an inflammatory response characterized by paw swelling in both the ipsilateral and the contralateral paws. The response of the injected paw was biphasic, consisting of acute and polyarthritic phases corresponding to days 0-9 and 10-27 following inoculation, respectively. The acute phase response was characterized by unilateral inflammatory edema of the ipsilateral paw, peaking around days 4-6, followed by a polyarthritic phase response which began around day 9, characterized by inflammatory edema of the contralateral paw. AQ PSE 30, 100, and 300 mg/kg caused a significant reduction (P # 0.01-0.001) in ipsilateral paw thickness in the CFA-induced arthritic rats, but only AQ PSE 30 mg/kg caused a significant reduction (P # 0.01) in contralateral paw thickness ( Figure 1A and B ). ET PSE 30 and 100 mg/kg achieved a significant (P # 0.05) reduction in ipsilateral paw thickness, but there was no significant (P . 0.05) reduction in contralateral paw thickness at any dose level (Figure 2A and B) . Methotrexate, dexamethasone, and diclofenac caused a significant (P # 0.05-0.001) reduction in ipsilateral and contralateral paw thickness in arthritic rats ( Figure 3A and B) . Compared with the arthritic animals, there was no significant increase in ipsilateral and contralateral paw thicknesses in animals with IFA-induced arthritis.
Normal animals kept under experimental conditions did not have any paw swelling ( Figure 4A and B ).
Arthritic and radiological index
There were significant reductions in arthritic indices (P # 0.05-0.001) at all dose levels for the extracts and reference drugs compared with the CFA-arthritic animals, except for the 100 and 300 mg/kg doses of ET PSE (Table 3 ). This trend of results was also seen in the radiological indices recorded. Changes in body weight recorded shows significant (P # 0.05-0.01) increments in only the 30 and 100 mg/kg AQ PSE-treated and diclofenac-treated arthritic animals.
Hematological assessment
Hematological assessment indicated significantly (P # 0.05-0.01) low white blood cell counts only in animals treated with 30 mg/kg AQ PSE or methotrexate, as well as normal animals kept under experimental conditions ( Table 4 ). The red blood cell count revealed a significant (P # 0.01) reduction in methotrexate-treated animals, but there was no significant difference (P . 0.05) in hemoglobin levels at all dose levels of the extract and reference drug-treated groups compared to the CFA-arthritic animals ( Table 4 ). Erythrocyte sedimentation rate and C-reactive protein levels were significantly (P # 0.01-0.001) low at all dose levels, except for the AQ PSE 300 mg/kg and ET PSE 100 and 300 mg/kg doses.
Histopathological assessment of paw tissue
Untreated CFA-induced arthritis showed an intense infiltrate of lymphocytes with foci of necrosis, pus collection, and scattered neutrophils in the ipsilateral paws, and chronic inflammatory changes dominated by lymphocytes with scattered plasma cells and foci of fibrosis with distortion of joint architecture in the contralateral paws ( Figure 5 ).
Histological assessment of the ipsilateral paws of rats treated with AQ PSE 30 mg/kg showed no significant inflammatory changes. However, the contralateral paws showed only foci of mild chronic inflammatory change characterized by fibrosis with scattered lymphocytes. Tissue in the ipsilateral paws of the animals treated with AQ PSE 100 and 300 mg/kg showed chronic inflammatory changes dominated by lymphocytes with scattered plasma cells. However, the 
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by fibrosis with scattered lymphocytes, but the contralateral paw showed no significant inflammatory changes. Diclofenac treatment showed foci of moderate chronic inflammatory change characterized by fibrosis with scattered lymphocytes in the ipsilateral paws, but there were no significant inflammatory changes in the contralateral paws. Dexamethasonetreated rats showed no significant inflammatory changes in the ipsilateral paws, but the contralateral paws showed moderate chronic inflammatory changes dominated by lymphocytes with scattered plasma cells and foci of fibrosis. Rats with incomplete arthritis induced by IFA showed mild chronic inflammatory changes dominated by lymphocytes with scattered plasma cells in the ipsilateral paw, while the contralateral paw showed no significant inflammatory changes. The experimental conditions did not result in any inflammation in the animals during the study period. Illustrations of these histopathological descriptions are shown in Figure 6 .
Discussion
Adjuvant-induced arthritis in rats is recommended as a convenient model for preclinical studies of drugs used in the treatment of human arthritis, and has often been used 
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to study the mechanism of action and preventive effects of a number of disease-modifying antirheumatic drugs. 17, 24, 25 The development of adjuvant-induced arthritis in the rat can be divided into three phases, just like human rheumatoid arthritis, starting with the induction phase without evidence of synovitis, followed by early synovitis, and finally late synovitis with progressive joint destruction. [26] [27] [28] A good antirheumatic agent should be able to suppress one or more of these phases. This study has demonstrated that curative oral treatment of Sprague-Dawley rats using an aqueous or an ethanolic extract of P. stratiotes has potent antiarthritic properties in adjuvant-induced arthritis. All doses of the aqueous extract and the lower dose of the ethanolic extract suppressed joint inflammation significantly and ultimately reduced destruction of the joints, but only the lower dose of the aqueous extract prevented the systemic spread of arthritis. Joint protection and suppression of synovitis are known to be the ultimate goals of treatment of arthritis. 24, 29 The extracts used in this study achieved these goals with effects similar to that of the reference drugs.
The reference drugs, ie, methotrexate, dexamethasone, and diclofenac achieved inhibition of adjuvant-induced arthritis and prevented any spread of arthritis, which is consistent with the available literature. [30] [31] [32] Methotrexate, a disease-modifying antirheumatic drug and immunosuppressant, was used for comparison because it is a commonly prescribed front-line treatment for rheumatoid arthritis and the gold standard against which other systemic medications are compared. 31 Dexamethasone is known to inhibit the release of proinflammatory cytokines (tissue necrosis factor-α and interleukin-1β), which are known to play a central role in the propagation of the disease process in rheumatoid arthritis. 30. The anti-inflammatory effect of diclofenac is mediated mainly through inhibition of cyclo-oxygenase and prostaglandin production. 33. Rheumatoid arthritis is associated with weight loss and loss of lean body mass, known as rheumatoid cachexia. Rheumatoid cachexia is thought to be the end result of cytokine-driven hypermetabolism and is a key comorbidity in rheumatoid arthritis. 34, 35 The loss of lean body mass is associated with decreased physical activity, muscle strength, and endurance in performing activities of daily living. 36 A loss greater than 40% of existing lean body mass often results in death. 37 Weight gain observed upon physical assessment of arthritic animals treated with AQ PSE 30 and 100 mg/kg and diclofenac, therefore, is ample evidence of good management of rheumatoid cachexia, minimizing the risk of mortality.
The significantly low levels of serum C-reactive protein and erythrocyte sedimentation rate in the AQ PSE 30 and 100 mg/kg, ET PSE 30 mg/kg, and all reference drug-treated arthritic rats indicate remission of inflammation. Serum C-reactive protein is a sensitive but nonspecific marker of inflammation that responds rapidly to changes in underlying inflammatory disease activity, making its measurement an important tool for the detection and monitoring of inflammatory disease. 38 The erythrocyte sedimentation rate is a test that measures inflammation in the body indirectly. It measures the rate of settling or sedimentation of red blood cells in a capillary tube. Proteins produced during inflammation cause erythrocytes to move closer and stack up in a group. When this happens, they become denser and settle faster. The closer and faster the erythrocytes settle, the higher the value of the erythrocyte sedimentation rate. 39 Further, low levels of white blood cells indicate that the 30 mg/kg dose of AQ PSE (with the same effect seen for methotrexate treatment) is a potent antiarthritic treatment, given that elevated white blood cell levels are associated with active inflammation. 40 Radiographs are necessary to verify proper remission of disease and for accurate assessment of disease status. The measurement of paw or joint swelling gives an indication of edematous changes in this region, but the actual damage takes place in the tibiotarsal joint. 41 Reduction in bone configuration and increased bone resorption are the causes of bone loss in adjuvant-induced arthritic rats. [42] [43] [44] The X-rays clearly show that the aqueous extract and a low dose of the ethanolic extract of P. stratiotes decreased bone loss, even in cases of insignificant edematous changes in the contralateral paws, and therefore reduced bone degradation in arthritis.
Histopathological studies of the paws strengthen the evidence of complete resolution of arthritis with AQ PSE 30 mg/kg despite evidence of pathology in the arthritic animals treated with the reference drugs.
The antiarthritic effect of the aqueous and ethanol leaf extracts of P. stratiotes established in this study could be attributable to the presences of flavonoids, alkaloids, and sterols detected after phytochemical screening of the extracts. This assertion is supported by reports indicating that the presence of many biologically active phytochemicals, such as triterpenes, flavonoids, alkaloids, steroids, tannins, and glycosides, in various plant extracts may be responsible for their pharmacological properties. 27, [45] [46] [47] [48] submit your manuscript | www.dovepress.com
Conclusion
The study established that the aqueous and ethanolic extracts of P. stratiotes have antiarthritic activity in Sprague-Dawley rats with adjuvant-induced arthritis. The aqueous extract had better activity than the ethanolic extract, and warrants further study.
